We report four highly informative multiplex PCRs developed from 12 previously described EST-SSRs in Crassostrea gigas. We evaluated and validated these multiplex PCRs in 12 full-sib families. The average allelic richness and the polymorphism information content (PIC) were 11.1 and 0.811 respectively. The combined power of exclusion was greater than 99.99% using all four multiplex assays. A hundred and forty three tests of segregation ratios revealed 11 significant departures from expected Mendelian ratios. The frequency of null alleles was estimated as 4.9% of all the alleles segregating based on a within-family analysis of Mendelian segregation patterns. Parentage analysis of real offspring demonstrated that 97% of all offspring were unambiguously allocated to a pair of parents based on two multiplex PCRs with only a 4% error rate, and 100% of the offspring were correctly allocated to their parents when three multiplex PCRs were used.
Introduction
The Pacific oyster, Crassostrea gigas, is the main cultivated oyster species worldwide with a global production of 4.2 million metric tons in 2007 (FAO, 2010) . A great deal of genetic research has been conducted to improve the production of this species (Camara et al., 2008; Dégremont et al., 2007; Desrosier et al., 1993; Evans and Langdon, 2006; Guo et al., 1994; Hubert and Hedgecock, 2004; Langdon et al., 2003; Li et al., 2006; Sauvage et al., 2010; Tanguy et al., 2008) . In particular, significant mortality of the C. gigas has been reported during the summer months in Japan, USA and France. (Mori, 1979; Perdue and Erickson, 1984; Samain and McCombie, 2008) , and survival of juvenile Pacific oysters under summer mortality conditions has a strong genetic basis (Dégremont et al., 2007) , which was successfully confirmed over several generations through a divergent selection (Dégremont et al., 2010) . The genetic improvement based on parentage selection and marker assisted selection was considered to be one of the methods to reduce the mortality of this species and consequently increase the production. Simple sequence repeats (SSRs; also called microsatellites) have been growing in popularity in genetic analysis because of their high level of polymorphism and codominant characterization. The effectiveness of the SSRs in parentage analysis of C. gigas has been proved (Boudry et al., 2002; Li R et al., 2009; Matson et al., 2008) . Simple sequence repeats derived from expressed sequence tag (EST) databases (EST-SSRs) have a number of advantages, such as higher transferability across a broader taxonomic range, lower frequencies of null alleles, and association with known function genes (Liu et al., 1999; Pashley et al., 2006) . Thus they could be valuable for studies of local adaptation, population structure, selective breeding programs, parentage analysis and genome mapping. The multiplex PCR technique not only reduces the time and cost associated with SSRs analysis, but also decreases the repeated manipulation of large numbers of sample during the genotyping and, therefore, the risk of handling errors (Porta et al., 2006) . However, in C. gigas, only one multiplex developed from genomic DNA was reported (Taris et al., 2005) . In this paper, we first reported the development of multiplex PCRs from previously described EST-SSRs of C. gigas and their power in parentage assignment was validated in twelve single-pair mating families.
Material and methods
Twelve C. gigas single-pair mating families were produced from genitors selected for summer mortality or reproduction behavior in February 2009 in Ifremer La Tremblade, France. They were used to test the resolving power of the four EST-SSR multiplex PCRs. For each family, gill samples of both parents and 23 offspring, randomly sampled at one year old, were stored in 70% ethanol until DNA extraction. Genomic DNA was extracted from gill tissue by the chloroform/isoamylalcohol method and purified with the DNA Clean Up System (Promega, Madison, WI, USA). Quality and concentration of each DNA sample were assessed using a spectrophotometer and by running a small amount on a 1% agarose gel. Eleven sets of primers were selected from previously described expressed sequence tagderived SSRs (Li Q et al., 2009; Sauvage et al., 2009; Yu and Li, 2007) according to their polymorphism, linkage information, sequence motif repeats and amplification behavior. A SSR developed from C. gigas amylase gene was also incorporated in this study (Sellos et al., 2003) . One primer of each pair was labeled with one fluorescent dye (HEX, FAM or NED). The proper annealing temperature range for each SSR was determined using a panel of 10 individuals. The single PCR mixtures were composed of 1 U of GoTaq Flexi DNA Polymerase (Promega, Madison, WI, USA), 1× GoTaq Flexi Buffer (Promega, Madison, WI, USA), 2 mM MgCl 2 , 0.2 mM of dNTP, 0.24 μM of each primer and 16 ng genomic DNA in a final reaction volume of 10 μl. PCR was performed as follows: an initial denaturation at 95°C 1 for 2 min was followed by 30 cycles of 95°C for 30 s, T a (provided by primer synthesis information) for 30 s, 72°C for 45 s; and final elongation at 72°C for 30 s. Products were mixed with formamide and GeneScan 500-ROX size standard (Applied Biosystems, Warrington, UK) respectively, according to the manufacturer's recommendations. After 5 min denaturation followed by rapid cooling, PCR products were detected using an ABI 3130xl Genetic Analyser (Applied Biosystems, Carlsbad, WA, USA), and the fragment length was estimated through the GeneMapper 3.7 software. These loci were then organized into multiplex sets that maximize the number of loci suitable for simultaneous analysis with no allele overlap between loci. Even with the same dye, overlapping is avoided in order to optimize the genotyping. Primer concentration, annealing temperature and DNA template concentration were then optimized using 10 individuals. PCR multiplex amplifications were conducted using the Typeit Microsatellite PCR Kit (QIAGEN, Hilden, Germany) in 10 μl reaction volumes containing 5 μl of the Type-it Multiplex PCR Master Mix (2×) (including HotStarTaq ® Plus DNA Polymerase, Type-it Microsatellite PCR Buffer with 6 mM MgCl 2 , and dNTPs), 1μl of primer mix (0.05-0.4 μM), 1 μl of genomic DNA (3-10ng), 1 μl Q-Solution (5×) and 2 μl of RNasefree water. Amplification started with an initial activation step at 95°C for 15 min, followed by 30 cycles with denaturation at 94°C for 30 s, T a (50-62°C) for 90 s, extension at 72°C for 90 s and final extension at 60°C for 10 min. The PCR products were loaded in the ABI 3130xl Genetic Analyser and analyzed as described in single PCR protocol. The number of alleles (N a ), polymorphic information content (PIC) and the average nonexclusion probability of each locus in different situation were calculated using Cervus 3.0 (Kalinowski et al., 2007) . Allelic Richness (A r ) was estimated with FSTAT 2.9.3 (Goudet, 2001) . The genotype data of the progenies in all the 12 single-pair families were pooled together to test the resolve power of the Multiplex PCRs in parentage analysis. The simulation and real parentage assignment were conducted using the likelihood-based approach in CERVUS 3.0. as follows: 10,000 replication cycles, a pool of 24 candidate parents, 100% of the candidate parents sampled and genotyped, a default typing error rate of 1% was used. All correctly allocated offspring were included in the Mendelian inheritance analysis at four EST-SSR multiplex PCRs in this study. The chi-square analysis (with n-1 degrees of freedom, where n = number of phenotypic classes) was used to measure the goodness-of-fit for expected Mendelian segregation ratios (1:1, 1:2:1, and 1:1:1:1) at the 0.01 probability level.
Results and discussion
For each single PCR, the range of the suitable annealing temperature was about ± 5°C around the T a which was provided by primer synthesis information. Therefore we combined the loci according to a common annealing temperature into four optimized sets of multiplex PCRs presented in Table 1 , each of them containing three markers. The optimum DNA template quantity was 3ng which resulted in clearly resolved peaks and unambiguous allele calling in all multiplex reactions. Increasing the template quantity produced interaction effects among fluorochromes, and compromised our ability to reliably score genotypes. The genetic diversity and non-exclusion probabilities for each SSR were also shown in Tables 1. The combined power of exclusion was greater than 99.99% across the four panels. The allelic richness per locus ranged from 4 to 16.4, with an average of 11.1. The average PIC was 0.811 from which a high exclusion power was revealed for these Multiplex PCRs in parentage analysis. The results of Cervus simulations showed that with only two most informative Multiplex PCRs, the total assignment success could be 100% (Fig 1) . In practice, the real parentage analysis performed with 12 C. gigas single-pair mating families demonstrated that 97% of all offspring were unambiguously assigned to a pair of parents based on the two most informative multiplex PCRs with only 4% error rate comparing with the real family data, and 100% of the offspring were correctly allocated to their parents when three and four multiplex PCRs were used (Fig 1) . The precision of assignment to one correct parental pair depends not only on the number of SSR loci genotyped and their levels of polymorphism but also on the number of potential pairings from which to choose (Matson et al., 2008; Norris et al., 2000) . According to simulation, the use of the three multiplex PCRs could also achieve 100% assignment success when the parents increase to 50 pairs, which was recommended by Bentsen and Olesen (2002) to prevent inbreeding and obtain a long-term response in a mass selection program. Actually, in this study, the assignment success rate still sustains at 97% when the parents rise up to 800 pairs with the most polymorphic three multiplex PCRs (Fig 2) . Thus, two to three multiplex PCRs developed here should be suitable to perform a successful parentage analysis with lower error rate. The parental genotypes, observed and expected genotypic frequencies of offspring in each family at each of the four multiplex PCRs were shown in Table 2 . SSRs developed from C. gigas usually have particularly high frequency null alleles (Li et al., 2003) . The presence of null alleles is a classical source of error in parentage assignment with SSRs (Marshall et al., 1998) and it could also bias the estimation of population differentiation (Chapuis and Estoup, 2007) . In non-coding genomic SSRs in C. gigas null alleles frequencies have been reported from 11% to 22% (Li L et al., 2009; McGoldrick et al., 2000) . The frequency of null alleles in EST-SSRs is usually lower than in non-coding genomic SSRs because of lower mutation at splicing sites (Goldstein and Schlotterer, 1999) . Yu and Li 2008 reported a null allele frequency of 2.1% of alleles in 20 EST-derived SSRs of C. gigas. Among the 12 loci studied here, null alleles were detected for 3 loci (Cgsili39, CGG008, Cgsili6) based on a withinfamily analysis of Mendelian segregation patterns, 28 of the 576 parental alleles were null alleles, which was 4.9% of the total alleles (12 loci * 24parents *2). The loci showing null alleles were amplified by single PCRs, which confirmed that they were not caused by the mixture of different primers. Of the 144 genotypic ratios examined (12 families × 12 loci), 1 came from crosses between homozygous parents and thus resulted in offspring identical to the parents or with the expected heterozygote genotype (CGE007 in family LOT 1). Eleven genotypic ratios were still not in agreement with Mendelian segregation after accounting for the presence of null alleles (Table 2) which might reflect the impact of selective breeding process.
In conclusion, the results obtained in this study make the four EST-SSR Multiplex PCRs unique tools in studies of parentage assignment, marker assisted breeding, population genetic analysis and linkage maps of C. gigas. Tanguy, A., Bierne, N., Saavedra, C., Pina, B., Bachère, E., Kube, M., Bazin, E., Bonhomme, F., Boudry, P., Boulo, V., Boutet, I., Cancela, L., Dossat, C., Favrel, P., Huvet, A., Jarque, S., Jollivet, D., Klages, S., Lapègue, S., Leite, R., Moal, J., Moraga, D., Reinhardt, R., Samain, J.F., Zouros, E., Canario, A., 2008. Increasing genomic information in bivalves through new EST collections in four species: Development of new genetic markers for environmental studies and genome evolution. Gene 408, 27-36. Taris, N., Baron, S., Sharbel, T.F., Sauvage, C., Boudry, P. Table 2 . Segregation analysis of microsatellite alleles in Crassostrea gigas from twelve full-families. 2 Figures   Fig. 1 . Cumulative assignment success rates of simulated and real genotype data in a strict level of 95% confidence interval. The error rates were calculated in 95% and 80% confidence interval comparing with the family data. The multiplex sets were added from the most to the least average PIC value.
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4 Fig. 2 . Simulated assignment success rates of 10,000 offspring in parentage under a number of candidate parents from 100 to 800 with the most Polymorphic three multiplex PCRs in a strict level of 95% confidence interval.
